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A2 R A T AR PR E, &R FIATKI S BEUF4(P<0.05 R P<0.01), L5t R et Lt X R4k o B3 2
Fts B AR AE A, AL T AL 58 EPO /349 JAK2/STAT3 45 5 i@ 3% A %

KW R et e 20 b B0 2 4040 20 A R K 5 Janus UER 2/15 5 35 S R A FHE N T 35 Tl %

Study on the protective effect of Hypericum perforatum on cerebral ischemia-reperfusion injury in rats and
its mechanism
WANG Hong, KANG Li, JIANG Qian, LIU Weiwei, ZHANG Yan, FU Yu(Tianjin Institute of Medical and

Pharmaceutical Science, Tianjin 300020, China)

ABSTRACT OBJECTIVE To study the protective effect and potential mechanism of Hypericum perforatum on cerebral ischemia-
reperfusion in rats. METHODS The male SD rats were randomly divided into sham operation group, model group, positive control
group (nimodipine 0.012 g/kg), H. perforatum high-dose and low-dose groups (5.212, 1.303 g/kg), with 10 rats in each group.
Except for sham operation group, the left middle cerebral artery ischemia-reperfusion model was established with the modified
suture method. Administration groups were given relevant medicine intragastrically since the second day after surgery, once a day,
for 7 consecutive days. The neurological function scores of rats were measured before drug intervention (the first day after
modeling) and after the last administration, and the cerebral infarction after the last administration was observed using TTC staining
method; HE staining and TUNEL staining methods were used to observe the pathological changes of the cerebral cortex and
hippocampus, and the apoptosis of nerve cells, respectively. Western blot and RT-PCR were used to observe the protein and mRNA
expressions of erythropoietin (EPO), erythropoietin receptor (EPOR ), Janus kinase 2 (JAK2) and signal transduction and activator of
transcription 3 (STAT3), and protein expression of phosphorylated STAT3 (p-STAT3) , respectively. RESULTS Compared with
sham operation group, neurological function score and the proportion of cerebral infarction in model group were significantly
increased before intervention and after the last administration (P<<0.01), with significant damage to nerve cells in cerebral cortex
and hippocampus, an increase in apoptotic nerve cells, and a significant increase in apoptosis rate (P<<0.01); protein and mRNA
expressions of EPO and EPOR in the brain tissue were significantly reduced (P<<0.01), while the protein expressions of JAK2, p-
STAT3 and STAT3, and mRNA expressions of JAK2 and STAT3 were significantly increased (P<<0.01). Compared with model
group, the damage and apoptosis of nerve cells in cerebral cortex and hippocampus of rats in administration groups were improved,
and the quantitative indicators were almost significantly improved (P<<0.05 or P<<0.01). CONCLUSIONS H. perforatum has a

protective effect against cerebral ischemia-reperfusion injury in
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P 2 A B R (No.2019107) rats, and the related mechanism may be related to the
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regulation of EPO-mediated JAK2/STAT3 signaling pathway.
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Z i AR R IR B-NL B 8 11 (B-actin) 2 s FEHTIAR (it
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H & M (L) AR A PR A F] 5 TRIzol 15  HiFi-
Script cDNA %5 i 7 & . UltraSYBR Mixture (k553
A2k 01761 ,33020,30506) ¥4 1 V155 Fé At 22 A= Y Bt
FeA R E S PCRE I i A TAEW) TR (i) ey A PR
N BT B K WAk 1,
#x1 PCRE|MFFIRF=YKE

HEH Elbii2]! FEYI o

EPO 45" -CTGCTCCACTCCGAACAATCACTG-3 17
5" -CCTGGTCATCTGTCCCCTGTCC-3!

EPOR Fif:5'-GAGCCCAGAGAGCGAGTTTGAAG-3' 9]
Fi#:5'-CCACCACAGGCAGCCATCATTC-3'

JAK2 45" -TCGCTGCCGAGGGATGTGAG-3 146
5" - TCTTGTTCCTGTTGCCTGCTTCTG-3!

STAT3 5" -GAGGCAGGAGAATCGCTTGAACC-' 97
5" -TCTCAGACTGTCGCCCAGGATG-3'

Bractin 4.5 -CCATCAGCCAGCAGTCGTCTAATC3' 124

Fii:5'-AGAGCAGCAACTTCTTCGTCACAC-S'
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Lh)E, B 4RI AR RS RIS, I ECH B i P 7
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AL RN T ) i ZH 2 5 T 4% 2 R, S
FE K A WS U R R 4 wm) , 47 HE %+
5, o S AR WL 2R 45 A A R 1 J2 R S5 4 L s
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STAT3.STAT3 B-actin —Ht (Fi B L1324 1:500) , 4 °C
WBEE L 1T TBST 22 P i 16 5 min X 3 UK, A ALY —
Pr(FERELLBIF o 1:1000) , ZEiRIFE 2 h; HH TBST Z i
WIETE 5 min X 3 YK, AMAL ECL fb~% &k i, JF
BT URACT Bid% . R Image J 31450 A 25
JREEAH, L H P 5 NS 1 (B-actin) 4541 1 K BEE
HEZR R H I A RBKOE, 8RR TF AR A NS
HATIH—fEAbHE,
2.9 XRAZEZL T EPO.EPOR.JAK2 STAT3 mRNA
RiEERET

K H RT-PCR VL HEATRZIN o 2.6 30 £ 2H KB
4D SR I P 3 00 ity 2L 20 (A1 A A R BRI ] 3 7 A 4L
2), FHl TRIzol R 2 B RNA I 22 9 8 - B &2 250
mg/L, YE— 055 5575 cDNA,  LLJIF1S cDNA A 7t
17 PCR ¥ 4% . PCR {4 5 (20 pL) AL 4§ : 2X Ultra-
SYBR Mixture 10 pL, I Fi#514#745 0.8 uL, cDNA £
M 1.6 wL,ddH.0 6.8 wLo JZA 2544 K : 95 °CHUAEPE 10
min; 95 °C7ZEHE 15 5,60 °CiE 2k 1 min, 40 PMEER, LU
B-actin /K N2, K 27 314 EPO . EPOR . JAK .
STAT3 mRNA [ 3RIE7KN, 55 LMBR TR H 2 IRk f T
H—fbab B,
2.10 ZitFEF*

K ] GraphPad Prism 6.0 %K 4 X % 98 #1748 11 o0
Mro THEBORIL X £ 5 Fom , 24 0] LSRR R 5 2
ST, B — 2 PR L B R FH LSD- A6 56 o A 56 K o
a=0.05,
3 H#ER
3.1 R &kt K RHZIhEE TS BN

ST AR i A ALK e 259 T AT R IR
Y5 205 I B RR 2 D REVE 4 1 18 3 T i (P<<0.01) 5 S 587
ZH AR, BHAE X B AT I 4 22k v ) i 2R BROR IR 45
24 )5 AR A D) RE VY433 i R (IR (P<<0.05 8% P<<0.01) .
gERILE 2,
3.2 BRM&eBkxTHERY K FRANAE SE bk 61 B 22 A

SRR AR oA B2 A B i R A8 X 3 B g 344
K BRAEBE 9] 5 2 T (P<<0.01) 5 SAR R4 Hedsg, FH
T R R T 4 22 Bk iy G e K B A A 7 X ik
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1.2,
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34 RMEkxERARMEREMESAAHEH
FUAT- RIS

ST AL A, A AR 2 K R o PR 00 i g 2
AN L ZUh PR TR 24N (LT B B 2 RT3
WETHE (P<0.01) 5 SR oA, BH XS A 20 Fn Bt
G 2Bk e AR e R R o P A 000 A e ) A 4
U R T R 20 20 B X B S s T e S AR
(P<<0.01). Z5HULIFI4. 815,33,
35 RME&ZHXKRMALRF EPO.EPOR . JAK2,
p-STAT3 . STAT3 & B R iZHI R

ST AR oA, AR AL 2 Bl e 1 P 3 00 fii 20 21
1 EPO .EPOR % M 1Y 1A 7K 11 ik ZFF#AR (P<<0.01)
JAK2  p-STAT3, STAT3 & [ AY F ik K 3 1 & T+ &
(P<<0.01) ; SRIAILE LA, 45 245 20 K Bl it P-4 )
fikiZH 21 EPO . EPOR # [ i 3R3K 7K P34 i 2 Tt i (P <
0.01),JAK2 .p-STAT3 . STAT3 ( FH X} BR 20 B 41 ) 26 14 1Y
TR B AR (P<0.01)., Z5RILK 6.5 4,
3.6 WM&k XRMNAZL EPO.EPOR, . JAK2,
STAT3 mRNA &%)

SR T A b, AR 2 R R Bt ot P 3 0 A 2H 2
H1 EPO. EPOR mRNA [ 3 ik 7K 7 3 I 25 B AL (P<
0.01),JAK2 STAT3 mRNA ik /KF-H4) B & THs (P<
0.01) ; SR ZH LR , 4% 245 4 B e i P8 3 A0 i 241
#11 EPO,EPOR mRNA [ 38 ik 7K - 24 1 2 T} 5 (P<
0.05 8 P<<0.01) ,JAK2 .STAT3 mRNA H A /K F-1) i
BT (P<0.053% P<<0.01), Z550L%5,

100 um

100 pm

D. B2z ki B4 E. BT 2Z bR HE 2

2 BAHAXBRNEEHAARERSEURNEHE(HERE)

100 pm. 100-pm. 100, im 100,um 100 pm

AfBFARLA BARIZ]
ROk  IE T RPN ; TSk 2B 22

C.BHTEXT I ZH

DB 22k i B
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T DAPI &

100 pm 100 um 100 um

100 pm 100 um 100 um
100 pm 100 pm 100 um

100 pm 100 pm 100 pm

100 pm 100 pm 100 pm

T BT AR T AL 5 T - R IRLL 5 IV - B 4 22k s ) it

25V B S B 4

B4 FHAXRMERHARPHESMERETHREEM
El(TUNEL &)

T DAPI &

um 100 pm 100 pm

00
100 pm 100 pm

100

00

1

sl E

2t
sl sl

T ABTFARYL; 1AL 5 I PHER BRLL; IV - B0 42 22 s 7k

25 V B A 4

E5 HAKRREDHEAPHEMEMEATHELERME
(TUNEL $#:#&)

3 BAXRREEMEDHAGHIZMEMEAT R
LB (x +s,n=5,%)

ikl il 244t BLHA

fFA4 1474165 0441053
g 29841230° 30611189
it xR 300£142° 4801166
UL T 937157 678 141°
LR e 1203+162° 11495211

a: SEF AR B, P<0.01;b: SR AL, P<0.01,

EZE G 2023 4R45 34 4465 16 1

EPO 21 kDa

EPOR 55 kDa

JAK2 — " 130 kDa

--- - 88 kDa

88 kDa

p-STAT3

STAT3

|

B-actin 43 kDa
I I il v v
T ABFARL s T ARG 5 T P BR A 5 IV - B 22k 2 71
RV BTS2 B A
E6 ‘HEXRBMALZSEPO EPOR JAK2 p-STATS,

STAT3 & H RIEREKE

x4 FHHEKREALFEPO EPOR JAK2 p-STAT3,
STAT3 EBARIEKFLILE (x +5,n=5)

4 EPOfB-actin ~ EPOR/B-actn ~ JAK2B-actin  p-STAT3/B-actin  STAT3/B-actin
BFA4 | | 1 1 |
fa 0205002 0302007 11702078 13931052 877:04%
R R 0545005 092£0.13  340£021"  663£046" 841017
FFALMEREA  092£011  075£010° 3662006 197:044 6655011
FFALHIREA 0422008 0731007 447H009  256£066 7215045

a: SHFARY A, P<0.01;b: S HAE, P<0.01,
x5 HAKXBEKALF EPO.EPOR.JAK2, STAT3
mRNA FTiAKFELEE (x+5,n=5)

4 EPO mRNA EPOR mRNA JAK2 mRNA STAT3 mRNA
TR | | 1 |

i 016003 0.19£0.08 1548£2.70 27.04£6.61°
IR 083£020° 064£0.15° 6734102 1390 £3.60°
TS RERES 091101 062£0.17 9.36%1.30° 8.16£1.74
RUAHHEARAL 0622016 0.53+0.28° 979+ 197 1225£25T

a: FIRFARU I, P<0.01;b: SHAI LA, P<0.01;c: FHA
L, P<0.05,
4 it
ik S5 1PV YA A A 2 p Ot DX ot AR 1 K A 5 | kS
Ak K A5 7 , o2 S Pk A oG T S ™ E O ACRE™
AMIFFEBE B JC ST A BHAE XS BR 24, 125 o — AR 2k
P53 A BEL A AR, P A T R O R IR YR
AR FT AR SEIESE T )2 S b - X e i 14 i 53 05
B T IRCR™ ., A ST T e 5 R BV AH I,
A [ e K AR C EURL A0 — 2, BE 8 I k1 45 K FRl i gk 1
B — 3, [l ASPRGEUAH i I A T 2591 3
dFT AR, B R R, DU B 228 T 1003 d IYRUR A
W1, AT RE 5 B (E) e A G, R 2R H T AT
W7d TR, AR R ER BRI K R
RE VT3 RIS A LU B 5 8 I T AR 20 I 35 v, e i P
T i Bz 2 At E 2 AU S A 400, PR T R AR i i B
a2 T 0 2 T i AR B 4 22 Bk
BB AN 7] 5 b o A ABE 78 K B A o 428 1) R 1T R fii 458 4
LU 3], e L o P 3 000 il 1 )22 AR ) 2H 2 ) A2 0 1
B0, W LI T R 2 A0 AR RS YE T2 SR B
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S 2 RS R BV PR T 453 1 IR AR
WL R W], JAK2/STAT3 {5538 #% 5 i 5t 1fn-FHE-34 12

PO FR YN AR R 3 ER 4 AR 4R

155 1 & BRI AH DG 32 A A% 1 A5 5 1 JAK2 FlAE

BN Y STAT3™, EPO J&£1 41 i A= i i 5 1) = 22l A

T AR IR R, R 5 ks

7 22 FE A 1 21 200 B B A 4 ™ Liu SR SEUE 2

EPO FIAE A 22 2 i £ 47 D -5, o dte il A it 45 BAT —

SEMMEZAER] . kI & 4 J5 , EPO/EPOR %l n] i i

5 JAK2 1A EAE R80T 5 BE S, JAK2 AT filf STAT3

KABERAL , A2 WY p-STAT3 it —2 — BAL I F 07 Z 40

MURZ N, 5 BAT AL B SE AR (40 B 20 Sk EL R 2(B

cell lymphoma 2, Bcl-2) \Bel-XL 281454, WA T 31 il #i 25

SR P T, AT UL, EPO figiE i 4 5 JAK2/STAT3

{5 8 BRAE AR 22 RGEA O Th AR R T . Wes-

tern blot F1 RT-PCR S ¥ £ 5 i 7, &y AR 5 19 B I 4

22 0% P B O BB i PR 0 R 4 21 EPO
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